Emerging evidence has shown that vascular endothelial growth factor (VEGF) gene polymorphisms are the key initiators that regulate the expression of the VEGF protein, which has a vital role in osteonecrosis of the femoral head (ONFH). The aim of the present study was to investigate whether polymorphisms of the VEGF genes are associated with the occurrence of ONFH. A comprehensive search was performed on MEDLINE, Embase, Web of Science and China National Knowledge Infrastructure databases before June 2015. Meta-analyses were carried out for the VEGF gene -634G/C polymorphisms (single-nucleotide polymorphism with 3 eligible studies). The pooled odds ratios with 95% confidence intervals (CIs) were used to evaluate the strength of the association. All the eligible studies, involving 1,564 individuals, were identified. According to the inclusion criteria, 3 case-control studies were finally included in the meta-analysis. The present meta-analysis indicates that the VEGF gene -634G/C polymorphism [CC+GC vs. GG: Response rate (RR)=0.79; 95% CI, 0.67-0.92; GG vs. GC: RR=0.83; 95% CI, GG vs. CC: RR=0.82; 95% CI,] is associated with the occurrence of ONFH, and the association with the male subgroup (RR=0.78; 95% CI, 0.65-0.94; P=0.009) is more evident. In conclusion, the present meta-analysis suggests that the VEGF gene -634G/C polymorphism has a significant association with ONFH occurrence among the investigated patients (P<0.01).
Introduction
Osteonecrosis of the femoral head (ONFH) is a devastating disease, resulting in the collapse of the femoral head and disruption of the blood supply. The etiology of ONFH is multifactorial, including trauma, use of steroids, alcohol abuse and vascular injury. Intravascular thrombus occlusion, which may lead to impaired blood supply, has been suggested as a pathogenic mechanism of ONFH. The vasculature in bone is important for skeletal growth, modeling and remodeling, and the healing processes. Angiogenesis and osteogenesis are closely associated. Angiogenic cytokines are essential components during the healing process of the necrotic femoral head. Among them, vascular endothelial growth factor (VEGF) has shown its notable role and acts as a prominent control factor in angiogenesis. Recent studies have also reported an association between VEGF -634G/C polymorphisms and ONFH.
VEGF, known as an angiogenic mitogen, has a critical role in angiogenesis and osteogenesis and is highly expressed in the edematous area around the necrotic area of the ONFH. VEGF acts in a paracrine and autocrine manner on endothelial cells as a heparin-binding homodimeric glycoprotein (1) . VEGF gene transduction has also been found to promote bone marrow cell and endothelial cell proliferation, and induce lumen formation in vitro (2, 3) . Therefore, the VEGF gene is considered a plausible biological candidate for ONFH. VEGF gene polymorphisms are considered modulators on the genetic predisposition to ONFH. Several single-nucleotide polymorphisms (SNPs) of the VEGF gene, including -634G/C, -2578C/A, +936C/T, -2578A/C and 1154A/C, have been reported. Thus far, the majority of investigations have focused on the VEGF -634G/C polymorphism. However, a single study may fail to demonstrate an underlying genetic association completely. The standards remain inconclusive and the results are ambiguous. To address this issue, an updated systemic review and a meta-analysis of all the eligible case-control studies was performed on the VEGF -634G/C polymorphism to provide insights into the correlations between -634G/C and susceptibility to ONFH, which may improve the understanding of the exact role of the VEGF gene in the etiology of ONFH, and early prevention among patients at risk of ONFH. Inclusion and exclusion criteria. Eligible studies were selected according to the following inclusion criteria: i) Case-control studies cohort or cross-sectional studies focusing on associations between the VEGF -634G/C polymorphism and ONFH risk; ii) the diagnosis of ONFH patients were clinically confirmed by combination of medical history and magnetic resonance imaging radiographs; iii) sufficient data presented for analysis; and iv) no deviation from Hardy-Weinberg equilibrium (HWE) among the studies. The exclusion criteria of the meta-analysis were: i) Animal studies, case reports, abstracts, meta-analyses and reviews; and ii) studies with duplicate or incomplete data.
Materials and methods

Search
Data extraction. Two reviewers extracted information from all the eligible studies independently. The following data were collected from every study: First author's name, publication date, country, ethnicity, source of controls, genotyping method, total numbers of cases and controls, and number of cases and controls for each VEGF polymorphism. An attempt was made to contact authors when data were incomplete or to resolve clear conflicts and inconsistencies in the studies. All the conflicts were resolved by consensus.
Statistical analysis. The distributions of genotypes among each control group were accessed to HWE by χ 2 test and P<0.05 was considered to indicate a statistically significant difference. The following genotypes were analyzed: A combination of CC and CG vs. GG (dominant model); homozygotes CC vs. a combination of CG and GG (recessive model); and homozygotes CC vs. homozygotes GG (additive model). Odds ratio with 95% confidence interval (CI) was calculated to assess the correlation strength between the -634G/C polymorphism and ONFH. The inter-study variation was examined by gender. The pooled statistical analysis was calculated using the fixed-effects model, however, a random-effect model was performed, which provides a more conservative evaluation of the significance of the association. The existence of heterogeneity between studies was ascertained by the χ 2 test-based Q-statistic. Another measurement was also used in the effect of heterogeneity, I 2 >50%. All the P-values were two-sided. STATA package version 1.0 (StataCorp LP, College Station, TX, USA) was used to perform all the statistical analysis.
Results
Literature search and characteristics. The flow chart of the selection process is shown in Fig. 1 . The initial search of the literature yielded 3,980 studies from PubMed and Web of Science. Subsequent to screening the titles and abstracts, 290 irrelevant studies were excluded. The original studies were retrieved and evaluated for compliance with the inclusion criteria. A total of 4 studies were evaluated for compliance with the inclusion criteria. Among them, 1 study was ineligible for the following reasons: The study presented data on other polymorphisms of VEGF. Finally, 3 case-control studies were included in the meta-analysis (4-6). A total of 687 ONFH cases and 877 controls were included in the study.
The characteristics of the VEGF polymorphism relevant studies are summarized in Table I . The included studies with the genotype distribution and risk allele frequency are shown in Table II . All these eligible studies are dependent on the Asian population and were written in English. All the cases and controls in the 3 studies consist of females and males. All the included studies extracted DNA from peripheral blood and the VEGF polymorphisms were determined by classic polymerase chain reaction-restriction fragment length polymorphism in 2 studies, and by TapMan in 1 study. The distributions of the genotypes among the controls were all in agreement with HWE.
Statistical summary and meta-analysis. In the two groups, the prevalence of the GC genotype was the highest, while the prevalence of the alleles remains to be elucidated. For the cases, the prevalence of the CC, GC and GG genotypes were 22, 52 and 26%, respectively. For the controls, the prevalence of the CC, GC and GG genotypes were 33, 50 and 17%, respectively.
The summary of the meta-analysis for the VEGF gene -634G/C polymorphism and ONFH risk is shown in Table III . Three studies were included in the pooled analysis. All the subjects were of Asian ethnicity. The meta-analysis results show that a statistically significant correlation exists between the -634G/C polymorphism and susceptibility to ONFH in the Asian population [for the dominant model: CC+GC vs. GG: Response rate (RR)=0.79; 95% CI, 0.67-0.92; P=0.003; recessive model: CC vs. GC+GG: RR=1.29; 95% CI, 1.06-1.59; P=0.015; homozygous model: GG vs. GC: RR=0.83; 95% CI, 0.72-0.97; P=0.020); GG vs. CC type was not significantly correlated with ONFH with RR= 0.82; 95% CI, 0.72-0.93; P=0.002; and there was a lack of data for the alleles model. Additionally, a stratified analysis was performed based on the gender of subjects (Fig. 2) ; the results were persistent in males (RR=0.78; 95% CI, 0.65-0.94; P=0.009) and females (RR=0.79; 95% CI, 0.67-0.92; P=0.209). The results of the meta-analysis suggest that a significant correlation exists between the VEGF -634 C/G polymorphism and ONFH (P<0.05). 
HB, hospital-based controls; VEGF, vascular endothelial growth factor; SNP, single-nucleotide polymorphism; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; MIP, molecular inversion probe; MGB, minor groove binder; NR, not reported.
Heterogeneity. Significant heterogeneity among the 3 studies was observed by I 2 . However, the heterogeneity was effectively decreased in the subgroups stratified.
Publication bias. Begger's funnel plot and Egger's test were used to strengthen the confidence level in the results by conducting a publication bias analysis, suggesting no evidence of publication bias among studies. The funnel plot did not indicate asymmetry of the plot, and Egger's test was basically symmetric.
Discussion
Numerous studies have shown a number of pathophysiological models of ONFH and its multiple risk factors, including alcohol consumption, glucocorticoids, trauma and genetic components (7). Among these controversial pathogenic mechanisms of ONFH, ischemic injury, which results from interruption of the blood supply, appears to be the most convincing. Ischemic necrosis can result in a collapse of subchondral bone in the femoral head. Decreased blood flow, thus lack of oxygen, could lead to angiogenesis and osteogenesis by releasing angiogenic factors, including VEGF, hypoxia-inducible factor-1α, angiopoietin-1 and fibroblast growth factor-2. Among them, VEGF is the major factor in the process.
VEGF is a specific endothelial cell mitogen that promotes angiogenesis. As one of the angiogenic factors secreted by endothelial cells, VEGF is a potent media of vascular permeability (8) . The biological activities of VEGF are mediated by two high affinity tyrosine kinases receptors and their expression is mainly restricted to endothelial cells. VEGF modulates complicated biochemical interactions between vasculature and bones. The gene encoding VEGF is located on a particular chromosome and domain containing 8 exons and 7 introns. The VEGF gene is polymorphic, particularly in the promoter region, known as the 5'-untranslated region (UTR) and the 3'-UTR, while the transcriptional regulation of the gene is extremely complex. The majority of transcription factor binding sites have been proved in the 5'-UTR side and polymorphisms within 5'-UTR have resulted in a different expression of VEGF between individuals and they could Table II . Included studies with the genotype distribution. influence the etiology of a variety of pathological conditions in which VEGF has been associated. Certain studies have investigated the association between VEGF gene polymorphisms in this regard with ONFH. However, studies concerning the association of the gene with angiogenesis were rare until 2008. Kim et al (4) analyzed three polymorphisms (-2578C/A, -634G/C and +936C/T) in VEGF and reported that the -634G/C polymorphism in the VEGF promoter was associated with an increased susceptibility of ONFH in the Korean population. However, they enrolled patients regardless of etiology. Lee et al (5) identified the association between low-inducing VEGF haplotypes and the risk of steroid-induced ONFH in Korea. Liu et al (6) carried out the same tests in the Chinese population; however, the focus was only on -634G/C. VEGF gene polymorphisms, such as rs1485766, were observed to contribute to identifying genetic susceptibly factors of ONFH in Korea by Hong et al (9) . The present meta-analysis of 3 studies, including 687 cases and 877 controls, systematically evaluated the association between -634G/C polymorphism in the VEGF gene and ONFH risk. A combination of CC and CG vs. GG (dominant model); homozygotes CC vs. a combination of CG and GG (recessive model); homozygotes CC vs. homozygotes GG (homozygous model) were analyzed. P=0.005 was determined in a fixed-effects model. In addition, the I 2 value showed no significant heterogeneity. Furthermore, no significant association was identified in the dominant model, indicating no increased risk of ONFH. When all the studies were evaluated in the meta-analysis using the dominant genotype model, the P-value decreased, suggesting that the genotype may have an important role in the risk for ONFH. The -634G/C polymorphism was a possible high-risk factor for developing ONFH in the overall study populations. The subgroup analysis by gender indicated a positive significant association between the -634G/C polymorphism and ONFH risk among males in comparisons to females. This suggested that, unlike females, males have an increased risk of ONFH.
To the best of our knowledge, this is the first comprehensive meta-analysis to assess the association between the VEGF gene -634G/C polymorphism and ONFH susceptibility, and it is also the first meta-analysis to assess angiogenic factors in ONFH. The study has several noteworthy limitations. First, the number of available studies that could be included in the meta-analysis was less. Therefore, the results could be influenced by several factors such as selective bias or random error. Second, ONFH is a multifactorial disease resulting from complex interactions between etiology and genetic factors, such as alcohol consumption and glucocorticoid usage. Failure to consider these factors in the Kim et al (4) study may lead to the failure to detect the impact of etiology in ONFH on gene polymorphisms. Third, all the research was conducted in Asian populations. Therefore, further studies are required in other ethnic populations due to possible ethnic differences of the VEGF polymorphisms. Large sample studies are required to analyze ONFH patients and well-matched controls using standardized unbiased genotyping methods. Additionally, gene-gene and gene-disease interactions should be considered in the research, and individual therapies should also be provided. The development of the gene polymorphisms that are capable of modifying the function of VEGF has led to the use of novel diagnosis in ONFH, although clinical trials are at an early stage.
In conclusion, a clear association was observed between -634G/C in VEGF and the necrotic area in femoral head. This finding, when confirmed, may increase the reliability of this SNP as a risk predictor for ONFH. We hypothesize that a further study focusing on multiple myeloma patients is important for verification of the association.
